Editorial Comment
A Normal Coronary Artery: What Size Is It? Maryl R. Johnson, MD O ver the past 2 decades, significant advances have been made in the treatment of patients with acute and chronic coronary disease syndromes, and therapeutic decision-making in patients with coronary disease has become increasingly guided by the coronary angiogram. Although coronary angiography has become much more routine and the equipment and techniques used to perform angiographic studies have improved significantly, little progress has been made in devising a method to analyze the coronary angiogram more objectively and accurately. Such improved angiographic analysis is required to allow more effective application of the information found (or perhaps hidden) on the coronary angiogram to the diagnosis and therapy of patients with ischemic coronary syndromes.
See p 232 Because quantitative angiography does not yet provide a practical alternative, angiographic interpretation continues to depend mainly on determination of the percent diameter stenosis of the focal narrowings seen on the coronary angiogram. In the dog model, percent diameter stenosis provides a reasonable index of the effects of a coronary stenosis on the flow response to a hyperemic stimulus'; there are numerous pitfalls, however, in using percent diameter stenosis to determine the significance of coronary disease in humans.2 First, this method is associated with significant intraobserver and interobserver variability3-5; thus, the same observer at different times or different observers may come to different decisions concerning the significance of the disease. In addition, in patients with multivessel coronary disease, percent diameter stenosis does not accurately reflect the physiological significance of a coronary lesion as defined by intraoperative studies of coronary flow reserve.6 Measurements of absolute coronary dimensions, defined by use of quantitative angiographic7,8 or videodensimetric9 techniques, do correlate with coronary lesion physiological significance. Such measurements have not achieved widespread use, however, in part because of their complexity, but also because limited information has been available concerning what size a normal coronary artery should be. Until the normal size is known, even determination of absolute coronary luminal sizes is not very helpful, except in the case of lesions with very small coronary lumina, concerning which little controversy exists as to their clinical significance, regardless of how the angiogram is analyzed.
One reason that percent diameter stenosis has not correlated with lesion physiological significance in humans is the frequent presence of diffuse coronary disease in addition to the focal narrowings that are obvious on the coronary angiogram. The fact that coronary angiography underestimates the extent of coronary disease compared with pathological specimens has been known for many years10; it was not until recently, however, that an in-vivo human study using epicardial echocardiography confirmed that patients with focal coronary narrowings have diffuse coronary disease, even in portions of the arteries that appear normal angiographically.1" Such diffuse vascular involvement also makes angiographic definition of the allograft vasculopathy that occurs in the coronary arteries of patients after cardiac transplantation difficult to diagnose until it is far advanced.12 To define the presence of such diffuse disease angiographically, the size of the disease-free artery at each site in the coronary tree must be known. Only if the size of the disease-free lumen is known can even quantitative assessment of the angiogram, whether analyzed in terms of absolute coronary dimensions7-9"13 or by calculating coronary flow reserve as a single integrated functional measure of stenosis severity,'14 allow accurate determinations of the presence or absence of disease, the severity of the disease, and appropriate therapy for the patient.
Previous postmortem'5-17 and angiographic18-21 studies have evaluated the relation between patient characteristics and coronary arterial size. It has consistently been found that coronary arterial size varies directly with ventricular wall mass.16-'9,2' The ethnicity of the patientl5 and the relative dominance of the right and left coronary arteries20 also play a role in defining coronary arterial size. Although several studies have evaluated the relation between age and coronary arterial size, results have been variable, with some showing an increase in coronary cross-sectional area with age,17 some showing no relation between coronary arterial size and age,19 and a more recent study showing that coronary arterial size actually decreases with age. 21 The outcome of studies evaluating the effect of sex on coronary arterial size has also been variable. Although coronary arteries of women have generally been found to be smaller than those of men, the difference may not persist when coronary size is adjusted for heart weight17 or body surface area. 19 Two quantitative coronary angiographic studies published in this issue and the June issue of Circulation22,23 have evaluated determinants of normal coronary arterial luminal size. In the study by Seiler et al,22 clinical coronary angiograms of 12 patients without coronary disease and 17 patients with coronary disease were evaluated. It was found that coronary cross-sectional area was directly related to summed distal branch length and regional myocardial mass. In patients with coronary disease, however, the cross-sectional area of segments that appeared normal on the angiogram was consistently smaller for any given summed distal branch length or regional myocardial mass than in patients with no angiographic coronary disease. This is consistent with a previous echocardiographic study showing that patients with apparently focal coronary artery disease actually have diffuse disease."1 Relations between coronary arterial size and patient ethnicity, age, sex, and coronary arterial dominance were not analyzed.
In the study by Dodge et al,23 coronary angiograms of 83 patients with normal coronary arteries, but in some cases with ventricular hypertrophy or dilated cardiomyopathy, were quantitatively evaluated at numerous points in the coronary tree. In this series, luminal diameter was related to the patient's sex, anatomic dominance, branch length, and myocardial mass; however, luminal diameter was not affected by age. Women were found to have smaller arteries than men, even after normalization for body surface area. These authors also evaluated the tortuosity of the coronary tree and found that although there was a correlation between age and tortuosity, there was no correlation between tortuosity and luminal diameter.
The reason for different outcomes in studies evaluating the effect of age on coronary arterial size may be related to differences in study technique. In a study in which coronary arterial size was found to decrease with age,2' sublingual nitroglycerin was given before coronary angiography, whereas in other studies, nitroglycerin was rarely19 or never23 given. Thus, an additional complexity that enters the situation is whether it is baseline arterial size or the response to vasomotor stimuli that varies with age. As differences in vasomotor tone can significantly affect arterial size, meticulous attention must be paid to routinely giving preangiographic nitroglycerin to eliminate differences in vasomotor tone as a variable whenever quantitative angiographic analysis is planned.
What do the two studies by Seiler22 and Dodge23 in combination with previous studies tell us concerning determinants of normal coronary arterial size? First, there are numerous determinants of coronary arterial size, including myocardial mass, coronary dominance, patient ethnicity, and perhaps patient age and sex, that even in the absence of coronary disease result in variable coronary arterial sizes between patients. Second, Seiler's analysis has confirmed, at least suggestively, that diffuse coronary disease is frequent in patients with focal coronary narrowings. Finally, although formulas or tables could be used to predict normal coronary arterial size in an individual patient, the methodology involved in quantitative angiographic analysis remains too complex for routine use on the clinical coronary angiogram. In addition, although Dodge et al included a few patients with left ventricular hypertrophy and dilated cardiomyopathy in their study, little information is available concerning what normal coronary arterial size should be in patients with pathological processes affecting the myocardium (myocardial infarction, hypertrophy, cardiomyopathy, etc.).
Our knowledge of coronary artery disease and of methods to diagnose and treat it continues to expand.
The two aforementioned articles22,23 provide additional perspective into the determinants of normal coronary arterial size in humans and into methods by which estimates of normal arterial size could be made. Because of the many variables affecting normal coronary arterial size, the pathophysiological processes affecting both the coronary arteries and the myocardium, and imperfections in our methods for absolute or relative quantification of luminal size on the coronary angiogram, however, research in the area is still needed. A simpler and more accurate determination of normal coronary luminal size in each artery in each individual patient is needed, so that improved quantitative analysis of the coronary angiogram, which is only a "luminogram," can allow determination of the presence or absence of disease at each point in the coronary tree. The recently developed technique of intracoronary ultrasound, which allows evaluation of not only the coronary arterial lumen but also the arterial wall, may be helpful in this regard.24'25 Only if normal coronary arterial size can be defined will even the use of sophisticated quantitative analysis of the coronary angiogram provide information concerning the disease process occurring in the arterial wall. Only if the "normal" can be defined can we truly define the "abnormal," even with careful quantification.
